ABSTRACT: We describe a noninvasive modification to the technique of branchclipping for sampling arthropods and evaluate its efficacy for studying food resources for a foliage-gleaning warbler breeding in the sky islands of southern Arizona. In the foliage-area method, arthropod abundance is measured on individual branches, and search area is controlled for by estimating surface area with a shadowed grid, analogous to canopy cover being estimated with a densiometer. Our technique enables repeated sampling of the same branch, which can limit sampling error and facilitates detailed studies of phenology across seasons and over multiple years. Overall it required less effort than traditional approaches, but because of the logistical challenges associated with sampling tree canopies, it is best suited for studies of species that forage relatively low to the ground. The foliage-area method does not alter the habitat, making it ideally suited for studies in protected areas, when foliage is limiting, or for work with food crops or endangered plant species.
Assessing the availability and distribution of food resources is essential to addressing a variety of questions in ecology (e.g., Morrison et al. 1990 ). For insectivorous species, however, the cost and time constraints associated with sampling arthropods often limit sampling effort (Morris 1960 , Southwood 1980 , Smith and Rotenberry 1990 , Poulin and Lefebvre 1997 . Branch-clipping is gaining favor as an easy and effective method for sampling arthropod communities. In this technique, researchers estimate the density of arthropods on a plant by measuring the dry mass of clipped branches upon which the arthropods are counted (Johnson 2000 , Vitz and Rodewald 2006 , McGrath et al. 2009 , Decker et al. 2012 . Unfortunately, because it is destructive to the sampled plant, branch-clipping is precluded when foliage is limited (e.g., in desert riparian corridors), on food crops or endangered plants, or when temporal changes are being assessed, as in studies of plant/arthropod phenology, herbivory, or arthropod depletion. Alternative approaches to estimating arthropod density, such as counting the number of individual arthropods per leaf (e.g., Holmes et al. 1979, Holmes and Schultz 1988) , are equally limited when a study addresses phenology or when plant species with different leaf sizes are being compared, as the number of leaves may not reflect the availability of habitat for arthropods. Here we describe and evaluate a novel sampling technique, the foliagearea method, which is based on the relationship between the number of arthropods counted and the estimated area of foliage and overcomes some limitations of sampling. Specifically, we evaluate and compare the foliagearea method to the branch-clipping method for measuring differences in food resources among substrates and across the breeding season for the Red-faced Warbler (Cardellina rubrifrons). We contrast the limitations and advantages of the foliage-area protocol in comparison to the branch-clipping method, and discuss its application.
METHODS
From April to July of 2008, we sampled arthropods on four 16-to 20-ha study plots in a high-elevation (2300-2700 m) mixed-conifer forest in the Coronado National Forest, Santa Catalina Mountains, Pima County, Arizona (32.43° N, 110.76° W). Sampling was limited to larvae of Lepidoptera found on the outermost 25-45 cm of White Fir (Abies concolor) and Big-tooth Maple (Acer grandidentatum) branches located 0.25-2.5 m off the ground because Red-faced Warblers regularly forage in the lower branches of these trees, and approximately 80% of their diet during the breeding season is Lepidoptera (Martin and Barber 1995, K. Decker unpubl. data) .
To estimate the density of larvae we first visually inspected and tallied the number of larvae on the top and underside of all leaves, flowers, and stems of the sampled branch, being careful not to disrupt the arthropod community. Visual inspection has limitations (Cooper and Whitmore 1990) but is appropriate when arthropods are sessile, not highly cryptic, and therefore easily detected (Moir et al. 2005) . If necessary, however, alternative sampling techniques (e.g., enclosing the branch in a container and shaking or gassing it) are adaptable to the foliage-area method. Next we estimated the surface area of each sampled branch by placing the branch (while attached to the tree) on a grid (Figure 1 ) and counting the number of squares covered A NONINVASIVE TECHNIQUE FOR SAMPLING FOOD AVAILABILITY Figure 1 . The foliage-area method relies on an estimation of branch area to account for search effort. A branch is placed on a gridded piece of paper, and the number (or percentage) of covered squares is recorded to estimate area. by any part of the branch, be it stem, leaf, or flower, in a manner similar to estimating canopy cover with a densiometer. Although gridded paper can be made, we used an inexpensive ($3/dozen) paper target, which we laminated to protect it against the elements. The grid consisted of a series of 144 squares, each 2.5 cm × 2.5 cm (totaling 900 cm 2 per grid), which was large enough for our sampling, but larger grids could be constructed. Note that the size of the grid squares may influence the precision of the estimates of area, so smaller grid squares may be necessary to distinguish small differences among substrates. After measuring the area of each branch, we cut and removed the branch from the tree, placed it in a paper bag, and stored it in a cool dry location until the completion of the field season. All branches were dried at 40° C for approximately 48 hours and weighed with a digital scale (accurate to 0.001 g).
We sampled 40 branches from Big-tooth Maple, mean mass 3.91 g (± SD 1.79) and area 346.25 cm 2 (± 145.3), and 41 branches from White Fir, mean mass 14.08 g (± 5.54) and area 457.32 cm 2 (± 139.91). Since the numerator in both calculations of density is the same (number of arthropods counted), we compared the methods on the basis of the denominators, estimated area and dry mass of each branch. After transforming the data by the natural logarithm to meet assumptions of normality, we examined the relationship between area and mass by means of two two-tailed Pearson correlation tests, one for each tree species. Using the Fisher r-to-z transformation, we then compared the correlations to see if the relationship between mass and area differed by tree species. We also examined how the density of larvae on the two species of trees differed with a Wilcoxon-Mann-Whitney two-sample rank-sum test. Finally, we examined seasonal patterns by averaging counts of larvae for each week and assessing changes by linear regression and a Student's t-test to compare the lines' slopes.
RESULTS
Branch area was significantly correlated with dry mass for both tree species (Figure 2 ; maple: r39 = 0.887, P < 0.001; fir: r40 = 0.991, P < 0.001), but the area-mass curves did differ (z = -5.52, P < 0.001). We found no difference between the two species in density of larvae ( Figure  3 ; branch-clipping: Mann-Whitney U = 811.0, n1 + n2 = 81, P = 0.870; foliage-area: Mann-Whitney U = 817.0, n1 + n2 = 81, P = 0.956). Both techniques showed a similar (t5 = 0.541, P > 0.25) although insignificant seasonal decline in the density of larvae (Figure 3 ; branch-clipping: t5 = -0.736, P = 0.502; foliage-area: t5 = 1.048, P = 0.354).
DISCUSSION
Estimating food resources for insectivorous birds requires balancing the desire for ample high-quality data with the need to reduce the cost of sampling and inadvertent damage to the system being studied. With practice, we estimated the abundance of lepidopteran larvae on a branch and the branch's surface area within 2-3 minutes by the foliage-area method, obtaining results similar to those yielded by the traditional method of measuring dry leaf mass (Figure 3 ). In contrast, estimates from the branch-clipping technique were not available until after the field season when drying of branches was completed. Measuring the mass of a branch in the field saves time (e.g., Johnson 2000), but water content, a significant component of branch mass, varies with a tree's age, phenology, and resource availability (Field and Mooney 1983, Larcher 2001) , introducing considerable error into estimates. Measuring area, not mass, is a more intuitive means of measuring arthropod habitat and has the added benefit of not altering the vegetation.
We observed a strong correlation between branch area and dry mass (Figure 2 ), but the slopes for the two tree species differed. The difference in the area-mass relationships may indicate that the foliage-area method should not be used to compare estimates of arthropod density on different tree species that differ in form of branches and leaves, or it may indicate that branch mass is not an ideal measure of the availability of arthropod habitat (see below). The use of a grid has advantages over visual estimations, but precision is sensitive to grid size (Cooperrider et al. 1986 , Bookhout 1994 . Although a leaf-area meter (e.g., O'Neal et al. 2002) or computer analysis of digital photographs (e.g., Meyer and Davison 1987, Jorgensen et al. 2013 ) yield more precise results, these techniques are also more costly and time consuming.
Obviously, any approach that estimates area fails to account for vertical structure. Although we had no difficulty getting samples to lay flat, even of White Fir, which has a relatively whorled leaf structure, we suggest that there are means to overcome complex branch structures. When a branch is flexible, we found that compressing it against the grid with a clear sheet of plastic successfully incorporated the vertical component of the branch into the area estimate. This approach proved particularly useful when we test- sampled long-needled pines, but it carries the risk of damaging the plant and arthropods. Another approach is to use the grid to measure both horizontal and vertical area as an additive estimate of the total area. While this approach is effective, it likely limits comparisons to a single tree species because differences between species in the structure of branches can lead to error.
We believe that the tree-specific area-mass relationship we found is related to differences in the proportion of leaf and stem on a given branch, not to sampling error. This finding is important because while the majority of arthropod habitat on a branch is often leaf, because of the difference between stems and leaves in density, the majority of a branch's mass is almost always stem. If mass rather than surface area of a branch is used as an index, the relative density of arthropods may be both overestimated (i.e., small stem, large or many leaves) and underestimated (i.e., large stem, small or few leaves), making comparisons between tree species or even samples difficult. This supposition is supported by our data, which suggest that the relative difference in density of larvae between the White Fir and Big-tooth Maple, the former being dominated by stem, the latter by leaves, is greater when the density of larvae is estimated by mass rather than by area ( Figure  3 ). In practice this may have little effect on estimates when branches with similar structure are compared, but the difference may be important in a study encompassing multiple plant species or plants undergoing changes in phenology. Moreover, most food studies assess birds' foraging behavior (e.g., Johnson 2000 , McGrath et al. 2009 ), and while it may be reasonable to suspect a relationship between branch mass and arthropod abundance, the linkage to foraging strategy is more dubious, as studies of predator-prey interactions refer to the area searched, not the mass (e.g., Andersson 1981) . Counting arthropods per leaf (e.g., Holmes et al. 1979 ) may overcome some of these problems, but not in studies of phenology where leaf area, and thus arthropod habitat and the area a bird searches, change over time.
Like other methods of sampling, the foliage-area method has limitations (see Cooper and Whitmore 1990) . Most significantly, it is important to identify the tree species and foraging locations appropriate to the birds being studied to ensure samples are representative (Cooper and Whitmore 1990) . Like the branch-clipping method, the foliage-area method has limited applicability for aerial foragers and for arthropods that are prone to escape or fall from branches (Johnson 2000) . Without the use of a ladder, a logistical challenge, the foliage-area method is restricted to heights <2.5 m, which is about half the height available to researchers using an extendable tree pruner to collect branch samples (generally <6 m). Visually counting rather than collecting arthropods has limitations if identifying the prey species is important, or if the prey vary in size, but this can be overcome by using a portable reference collection and classifying prey by body size. Finally, highly cryptic arthropods may prove challenging, particularly when a branch of complex structure is sampled. In our case, we were successful in finding the small green lepidopteran larvae that dominate the Red-faced Warbler's diet (Martin and Barber 1995) . In some cases, however, shaking or gassing of the branch may prove necessary.
The foliage-area method overcomes some of the limitations of the branch-clipping method, uses a more intuitive measure of sampling effort, and proved effective for sampling larvae of Lepidoptera. Still, estimating food resources for insectivorous birds involves understanding arthropod and plant ecology as much as the ecology of the study species to ensure appropriate sampling. We reiterate the importance of identifying the microhabitat in which a bird forages and its preferred arthropod prey to ensure that the sampling procedure is appropriate (Cooper and Whitmore 1990 , Johnson 2000 , Sherry et al. 2005 ), but we also suggest researchers understand arthropod-plant relationships to ensure that sampling techniques (e.g., mass versus area) truly account for sampling effort and address the question at hand.
